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The presenç invention, is diçec.ted .to improVe 
ments in or relating to the production .of solu- 
tions of comminuted organic materi.ls .such as 
vinyl or other high polymer, polymers and articles 
prepared therefrom. In particular, this inven- 
tion relates fo methods for preparing vinyl or 
other high polymer compositions which may be 
used as binders, l.minants,. Castings, coatings, or 
in the manufacture of-shaped-structures such as, 
for example, sheets, fibers, threads, rods, :f i la- 
ments, and the like. 
The presence, of air. bubbles" i such bomposi- 
tions may produce seriou tefects:i-n the final 
product unless such bubbles are removed prior to 
use. In the production of fibers from vinyl 
resins, for example, the ideaI solution.or disper- 
sion is one which is wholly free of air bubbles 
prior to ifs being forced through the nozzles of 
 spinneret. Unless this solution or dispersion 
is substantially free of air bubbles, each bubble 
as if passes through the nozzle will either impede 
or entirely disrupt the continuous fiow of the 
solution or dispersion, producing.broken ends, or 
eise results in the formation of a hollow filament 
surrounded by a rhin shell or polymer which 
forms a weak and porons structure yielding an 
over-aH low tensfle strength in the spun fiber. 
Furthermore, such air bubbles increase the tend- 
ency for the solution or dispersion to stick fo the 
face of the spinneret, thus cansing "blebs," 
roughness, or other irregularities along the fiber 
length as it- is extruded. In the formation of 
films, the same mechanical imperfèctions are 
noticed, leading fo films having, voidsor sunken 
areas in the finished obJect. 
The problem is a serious one. Many methods 
have been proposed and as many attempts marie 
for the removal of the air .bubbles ffom vinyl 
solutions or dispersions prior fo eXtrusion. For 
example, if has been. proposed t0 simpl allow 
the solution of the vinyl high polymers fo stand 
af rest untfl all the air. bubbles.rise fo the top, 
whereupon they are .permitted fo burst or become 
dflated. This practice, while simple enough, is 
very rime consuming..Solutions of high polY- 
mers suitable for wet or dry spinning require 
usually a minimum of. 12 fo 15 hours standing, 
or longer; in ortier to allow the bubbles fo fise 
fo the surface. Such a method naturally neces- 
sitates extra storage space, a plurality of vesseis, 
and various other equipment for-pumping the 
solution into and out of storage. 
More recently, other attempts bave been marie 
fo eliminate the air bubbles such as; for example, 
bF subjecting the vinyl solution to a vacuum 
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treatment preferably at an elevated. tempeatn 
While the time-element is considerably. Shortened 
by this method,that is, from one fo-tvïo liou, 
this advantage is eliminaed due fo the tendency 
5 of the viscous solution fo foam,excessively, neces- 
sitating a very high freebord in the vessel fo 
allow space for the foamed solution. More0vcr, 
when air is allowed fo run back into the vessel, 
additional air may be entrapped in the viscous 
10 medium. Careful.adjustment,.therefore mns be 
marie fo the degree of vacuum applied-to .tlie 
solution, requiring, constant watciover the con- 
trols. 
If is therefore a general .objec:of the preset 
15 invention fo provide asimple and êfficent .mehod 
for producing the vinyl solutions or dispersimds 
substantially free from-entrapped gas bubbles. 
If isa further .object of the present invention 
fo provide a method for producing bubble-free 
20 vinyl solutions or. dispersions of high polymers 
without the use of special.or elab0rae equip- 
ment. - .... 
If isa still further object of this inventiOn 
provide vnyl polymer-solutions.or dispersions 
25 satisfactory for use in forming:shapd structions 
which are substantially free from 'blebs' or. otlier 
surface irregularities cause.d b the.prê.sence of 
air bubbles in the viscous masÇ during, extrusion, 
casting, or precipitation.  .. . . .... 
30 Other objects of the invention will in part be 
obvious and wfll in part be apparent-from, the 
following detailed disclosures of-the inveition. 
. - While it is hot exactiy .known how air bubbles 
are formed in vinyl dislersions, the-present 
35 theorY indicates that most of-the air .bubbles 
normally occurring ae round.in any solution.0r 
dispersion ruade in the:conventionàl manner 
the result of air adsorbed on. t-he surface of .the 
granules of a high polymer and. are. hot neces- 
40 sarily caused by the agitation, required .t0-Cause 
the vinyl polymer to-enter into solution aslias 
heretofore beer commonly believed. ' " 
 The invention, thercfore, lies in the discovery 
that vinyl polymers, may be:made Substantally 
45 free of ai bubbtes by removing the  adsorbed 
air ïrom the-vinyl polymer prior fo. ifs solution. 
Inasmuch as the high polymer normally takes 
a considerable period of rime to enter into solu- 
tion, advantage is taken of this characteristic in 
50 prepring bubble-free Solutions..'H0wever, in 
order fo attain rapid-solubfliY» a. tiighly coin, 
minuted polymer is generally .employed..Such 
a comminutedpolymer.p0sssses a large Surïïe, 
which in turn allows it/to-intr0duce .a large 
5 volume of air int0 te finislïed..solutiorï ordis, 
......... ç.. -.- .-..:-. 
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persion. If  vacuum is applied fo the suspen- 
sion of the vinyl polymer in ifs solvent medium 
ai a rime prior fo solution, the air bubbles may 
be removed or dissipated from the rhin disper- 
sion prior fo solubility and eonsequent increase 
in viscosity. During the interva1 between sus- 
pension and solution, thereïore, the air or other 
gaseous material which is adsorbed on the sur- 
face of the vinyl polymer tan thus be separated 
and removed from the solution prior fo the 
tual dissolution. The amount of vacuum em- 
ployed may be varied considerably, but generally 
a vacuum of about 25 inches of-mercury is or- 
dinarily adequate for most purposes. Agitation 
may be provided by stirring or by vibrating the 
container holding the slurry, or by any other. 
suitable nethods or apparatus. 
The solution of the high polymer may bë 
hastened by agitation. While there is some 
hazard in introducing g.aS-into, the viscous so- 
lution during agitation, the.gas thus introduced 
is usually in the form of relatively large-sized 
bubbles with a result that these large bubbles 
can be dissipated quickly and easily. More- 
over, for spinning purposes, these viscous solu- 
tions are ordinarily filtered prier te use. Such 
filtering procedures may also introduce a few 
relatively large-sized bubbles. Since these 
bubbles are again large, they fise quickly and 
rapidly without difficulty. The solution is sub- 
stantially free of any small bubbles formed or 
prescrit in the solution. 
Various high polymers may be deaerated 
the manner described. These include polymers 
of vinyl compositions such as polystyrene, poly- 
vinyl chloride, polyvinyl fluoride, polyvinyl 
cyanide (or polyacrylonitride), polyvinyl alco- 
bol, polyvinyl .acetate, polyvinyl acetal, poly- 
vinyl ethers, polyvinylidene chloride, polyvinyli- 
dene fluoride, polyvinylidene fluorochloride, 
polyperfluorovinylchloride (or polytrifluorochlo- 
roethylene), and acrylic and methacrylic esters 
such as polymethylacrylate, polyethylacrylate, 
polymethylmethacrylate, polymethacrylonitrile, 
polyacrylamide, polymethacrylamide, as well as 
various copolymèrs of the above, such as, for ex- 
ample, the copolymers of acrylenitrile with vinyl 
chloride, vinyl acetate, acrylamide, and meth- 
acrylamide. The cellulose ethers may also be 
se deaerated. 
Both organic liquids and inorganic materials 
may be used in ortier te form solutions. For 
example, the 0rganic liquids customarily em- 
ployed for dry spinning are volatile, such as ace- 
tone or methylethylketone. Alternatively, aque- 
eus olutions such as those containing a high 
salt content may be employed. 
No special equipment is necessary except 
closed head mixîng kettle which would be nec- 
essary in any case if compressed air is used te 
force the solution or dispersion of the vinyl 
polymer out of the tank. Moreover, no addi- 
tional processing rime is required since the de- 
aeration may be conducted during the rime or- 
dinarily necessary for the solution te ferre. 
Example 1 
15 parts of polyvinyl alcohol was dissolved in 

4 
polymer was then stirred at 50 ° C. until solution 
took place. The slight amount of air which 
was entrapped was immediately dissipated te 
yield a clear solution. When this deaerated se- 
5 lution was subjeeted te a vacuum of 100 mm. 
there was no tendeney te .form bubbles even 
under these conditions. 
Similar results were noted with carboxy methyl 
cellulose in water. 
10 
" ' Example 2 
A copolymer, of vinyl ehloride and vinyl ace- 
tare was suspended in methyl ethyl ketone. The 
solution of the polYmer was allowed te oecur. If 
15 was then subjected te vacuum with the result 
.... that it took approximately one heur for the so- 
lution te clear. 
A simflar suspension was subjected te. vacu- 
um of 150 mm. After 10 minutes under a vacu- 
20 um the solution became clear except for the 
undissolved polymer. Mild agitation yielded a 
clear solution. 
Exarnp!e 3 - 
25 A solution of polyvinyl acetate was prepared 
in benzene te forra a composition containing 
8.75 parts of polymer in benzene. During the 
solubilization small bubbles were entrapped.. 
A similar suspension was ruade up where the 
3O suspension was subjeeted te a vacuum of 110 mm. 
for approximately an heur. Furtherstirring ai 
atmospheric pressureyielded a clear solution. 
Example 4 
35 Polyvinyl cyanide (or polyacrylonitrile) in 
flnely divided ferre obtained by polymerizing the 
monomer in the substantial absence of oxygen, 
as disclosed in the method described by Bacon in 
the Transactions of the Faraday Society of 1946, 
40 vol. 42, pges 141-169, was suspended in dimethyl 
formamide. About 6 parts of polymer and 94 
parts of organic 2iquid were used. The suspen- 
sion was then subjected te a vacuum in order te 
remove bccluded .air. The suspension was then 
45 heted "under mild agitation te approximately 
100 ° .C. te yield a iight, clear solution. 
"  Example 5 
Polyviryl cYanide (or polyacrylonitrile) was 
5O polymerized aecording te the method described 
in U. S. 2,140,048. The polymerization was con- 
ducted in a manner te eliminate traces of oxygen 
during the polymerization. The dried poaymer 
in ¢omminuted form was allowed te fall into a 
55 solution of calcium sulfecyanate which was main- 
tained ai a vacuum of approxîmately 150 mm. 
Durlng the addition both deaeration and solution 
took place simultaneously yielding a solution suit- 
able îor filtration for use in fibers. 
60 8imilar results were secured when a warm solu- 
tion approximately60 ° C. of ethylen e carbonate 
was substituted for .the calcium sulfocyanate. 
Example 6 
Polymetharytonitrfle was polymerized by the 
method described by Kern and Fernow in the 
J. prakt Chem., 1942, 160, 303. The polymer in 

water. The solution contained small air bub- finely divided form was suspended in acetone and 
bles dispersed therein which coutd net be de- 70 a vacuum applied in such a manner as te cause 
aerated at reduced pressure becuuse of the tend- the suspension te boil. The vacuum was then 
ency te foam. 15 parts of polyvinyl alcohol rgleased, solution allowed te o:ccur te yield a clear 
were mixed with 85 parts of water and the mix- medium suitable for dry spinning. 
turc subjected te reduced pressure of 150 mm. In connection with the present invention, the 
of mercury for 30 minutes. The undissolved ? vacuum may be applied te assist the removal of 



arge ai bubblesï incoperated-during ,the--initjl- 
lèaera%ion . . 
y one of the many varia.tions, maY :be- 
ployeoE in the practice of this invention. A par- 
tial vacu may be drawn on the dry vinyl poly- 
mer, as well a-onthe liquidto be used for solu- 
tion and the çolFmer then introduced in the 
media, al0wing deaeration o occur 
ously with solution. DFes , pticizers, sotven 
softeners, ad. the ke, may be introdu£ed simul- 
taneously with the polymer. Whfle any sizcd 
polyme might be employe, -is  generllF .der- 
able fo use- a. finely comnueg yme of mesh 
size from about 325 to 10 mesh. 
Havg described my invention, what I cla 
as new and desire fo secure by Letters Pant is: 
1. A dissolvg process comprising the steps, 
combation, of pver a soluble resin fo 
increase the suace thereof whereby solution 
rate is facilitated and adsorption of air is in- 
creased, submerging the pulverized resin  a 
spte solvent, and simultaneously begii so- 
lution of said pverized resin and apying a 
vcuum on the surface of said solvent whereby 
the ,combined vacu and sface dissolng 
forces simultaneously act 
from the surfaces of said pverized resin ai suf- 
ficient speed to permit of removal of substanally 
all air bubbles from the solvent before sucient 
resin is dissolved to produce foaming of the 
solution. 
2. e meod of producing a relatively con- 
centrated resin solution in a simple solvent com- 
prising the steps,  comb1tion, of pulvering 
the resin fo produce a retativy large surface in 
proportion fo bulk fo facilitate solution, which 
increed sface increases the amount of ad- 
rbed air, submerging the pulverized res with 
adsorbed   the simple solvent and simultane- 
ously with the submergence applying a vacu 
upon the surface of said souvent whereby the 
solution forces and the vacu cooperate sul- 
tane0usly fo rove the adsorbed air from the 
resin surfaces into the body of solvent under con- 
ditions of such volume as fo obta a rapid rate 
of rise of bubbles tough the solution, and com- 
pleting the vacuum treatment belote scient 
resin h dsolved fo lncree the solution vis- 
cosity fo such a point that foang of the solu- 
tion occurs under the influence of the vacuum. 
3. The method of producing a relatively con- 
centrated res solution in a simple solvent com- 
psg the steps, in combition, of poEverizg 
the resin fo produce a relatively large surface in 
proportion  bu fo facilitate solution, wch 
increased sface increases the amount of ad- 
sorbed air, submergg the pulverized resin with 
adsorbed air in the simple solvent and simultane- 
ously ith the submergence applyi a wcuum, 
up to about 25 inches of mercury, upon the sur- 
face of sd solvent whereby the solution forces 
and the vacu coorate sultaneously fo re- 
more the adsorbed air from the resin sfaces 
to the body of solvent der conditions of such 
volume as fo obtn a rapid rate of re of bubbles 
through the solution, and completing the vacuum 
treatment before sucient resin has diolved fo 
increase the solution viscosity 
that foaming of the solution occurs under the 
influence of the vacu. 
4. A process for producing clear, substantially 
a-free solutio of vinyl polymers compsing 
the sps, in combition, of coinuting the 
solid nyl polymer fo increase the surface area 
and the dissolution rate as well as the amount o 

ads0rbed air. upon prt.i_cles o so!id loolymer, 
thereafter , submerging., the ¢omminuted vin-yl 
P0!Y-mer- in. met.hylethyl.ketone, and» simultane- 
ouslrapplyjng  va'¢uun.uten..the surface, of the 
5 methFlethvlketone., as sognï ss.-.solutqr, starts; 
utilizing:the combintion of s0tÇtionforces«Çu z- 
face ten.sion relatienshp.s,i.and..he vacuum.-,to 
release the adsorbed .aizfom, the viryl polymer 
unde conditien" o.bubble olume.. such as to 
10- giie rapid rat of rse:.through-the sotvent; and 
subÇt-ntiall-y com.pleting, the . removat of.air from 
the absorbed surïace an.d- the solvent, befere- 
ficient polymer qs. dissolved to increase the vis- 
cosity of the solvent fo a point where bubbles rise 
15 slowly through the solvent. 
5. The method of producing a relatively con- 
centrated resin solution in simple solvent com- 
prising the steps, in combination, of pulverizing 
the resin to produce a relatively large surface in 
20 proportion to bulk to facilitate solution, which 
increased surface increases the amount of ad- 
sorbed air, submerging the pulverized resin with 
adsorbed air in the simple solvent and simul- 
taneously with the submergence applying a 
25 vacuum upon the surface of said solvent whereby 
the solution forces and the vacuum cooperate 
simultaneously to remove the adsorbed air from 
the resin surfaces into the body of solvent under 
conditions of such volume as fo obtain a rapid 
0 rate of rise of bubbles through the solution, com- 
Pleting the vacuum treatment before suflicient 
resin bas dissolved fo increase the solution vis- 
cosity fo such a point that foaming of the solu- 
tion occurs under the influence of the vacuum, 
35 and applying gentle stirring to the suspension 
of polymer in solvent fo further speed the dis- 
lodgment of air. 
6. The method of producing a relatively con- 
centrated resin solution in simple solvent com- 
40 prising the steps, in combination, of pulverizing. 
the resin to produce a relatively large surface in 
proportion to bulk fo facilitate solution, which 
increased surface increases the amount of ad- 
sorbed air, submerging the pulverized resin with 
45 adsorbed air in the simple solvent and simul- 
taneously with the submergence applying a 
vacuum upon the surface of said solvent whereby 
the solution forces and the vacuum cooperate 
simultaneously fo remove the adsor.bed air from 
50 the resin surfaces into the body of solvent under 
conditions of such volume as fo obtain a rapid 
rate of rise of bubbles through the solution, com- 
pleting the vacuum treatment before suflicient 
resin has dissolved to increase the solution vis- 
55 cosity fo such a point that foaming of the solu- 
tion occurs under the influence of the vacuum, 
applying gentle stirring fo the suspension of poly- 
mer in solvent to further speed the dislodgment of 
air, and thereafter continuing the stirring after 
6 distodgment of air to speed the formation of a 
complete solution, both stirring treatrnents being 
applied in the presence of a vacuum to minimize 
the occlusion of air from the stirring operation. 
7. A process for producing clear, substantially 
65 air-free solutions of a polymer selected from the 
list consisting of polystyrene, POlFvinyl chloride, 
polyvinyl fluoride, Polyvinyl cyanide, polyvinyl 
alcohol, polyvinyl acetate, polyvinyl acetal, poly- 
vinyl ethers, polyvinylidene chloride, polyvinyl- 
70 idene fiuoride, polyvinylidene fluorochloride, 
polyperfluor ovinylchloride, and polyrnethyl- 
acrylate, polyethylacrylate, polymethylmeth- 
acrylate, polymethacrylonitrile, polyacrytamide, 
and polymethacrylamide, comprising the steps, 
 in combination, of comminuting the solid poly- 
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mer fo increase the surface area and he dissolu- 
tion rate as well as the amount of adsorbed air 
UlOn partictes of solid lolymer, thereafter sub- 
merging the comminuted lolymer in a solvent 
and simultaneously apllying a. vacuum upon the 
surface of the solvent as soon as solution starts; 
utilizing the combination of solution forces, sur- 
face tension relationshiis, and the vacuum to 
release he adsorbed air from the lolymer under 
conditions of bubble volume such as to give ralid 
rate of fise through the solvent; and substantial- 
ly comPletlng the removal of air from the 
sorbed surface and the solvent belote suflicient 

l0 

8 
polymer ts dissolved fo increase the viscosity of 
the solvenl to a point where bubbles fise slowly 
through the solvent. 
EDVARD L. KIOPA. 
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